###### Strengths and limitations of this study

-   A key strength of this analysis is the use of administrative linked data to obtain a large population cohort, which negates the use of retrospective recall of past behaviours and removes participation bias.

-   In addition, due to the frequency matching of the comparison group to the exposed cohort, both Indigenous and non-Indigenous estimates could be calculated.

-   A limitation of the study is that there are women in the comparison group who may have drunk heavily during the same time period, without receiving an alcohol-related diagnosis, and this would bias estimates towards the null.

-   In addition, we lacked information regarding ongoing alcohol use by mothers and were unable to access paternal information, which may have affected outcomes.

Background {#s1}
==========

It is well recognised that, in order to gain the skills necessary for academic and social success, children need to attend school regularly.[@R1] Previous research has identified that absences from school are linked with negative outcomes such as greater risk of poor academic performance, risk-taking behaviours, delinquency and early school dropout.[@R3] Of note, children from disadvantaged backgrounds have been identified as more likely to have poor attendance patterns and are disproportionately affected by absences compared with other children.[@R1] As poor school attendance in the early years is highly predictive of future absences,[@R1] there has been substantial interest in identifying risk factors for absences in the early years of schooling, with the aim of providing additional support and interventions to vulnerable children and families.

A number of factors have been associated with poor school attendance, including low socioeconomic status and low levels of parental education.[@R1] In Australia, Indigenous young people have been identified to have significantly worse attendance and school retention when compared with non-Indigenous children, and it has been suggested that this is a key driver of the gap in academic outcomes between non-Indigenous and Indigenous young people.[@R6] In addition Moore and McArthur[@R9] identified that maternal and family risks, such as family instability, mental illness and drug and alcohol issues, are associated with reduced child participation in school. Poor school attendance can also indicate lack of engagement in schooling, on the part of both the child and their parents or carers.

One group who may be at risk of poor attendance are children of mothers with alcohol use disorders. The teratogenic effects of prenatal alcohol exposure on the developing brain can lead to neurodevelopmental deficits in the child.[@R10] At high levels of exposure, and during vulnerable time points during pregnancy, prenatal alcohol exposure has cognitive and behavioural impacts that may affect a child's academic performance and behaviour.[@R11] In addition to in utero effects of alcohol, children exposed to heavy parental alcohol use postnatally have been identified as having abnormal developmental and social trajectories. This has been attributed to greater family instability, poor family functioning and communication, and greater levels of family stress. In addition, it has been identified that there is a higher risk of child abuse, periods out of home care and mental health problems in the offspring of parents who have heavy alcohol use.[@R13] Further, comorbidities associated with heavy alcohol use, such as use of other substances, and parental mental and physical health problems, may add to an unstable home environment in which school attendance is not prioritised.[@R15] Previous research has identified that parental alcoholism is a risk factor for poor school performance and school absenteeism.[@R19] Heavy maternal alcohol consumption is one of a range of factors that are negatively associated with parents' involvement in their children's education.[@R20] However, little research has examined whether heavy maternal alcohol use specifically and the timing of alcohol use relative to pregnancy impact on a child's school attendance.

Therefore, the primary aim of this project was to determine whether maternal alcohol exposure contributed to poor school attendance, and to quantify the impact on school absenteeism for Indigenous and non-Indigenous young people. In addition, this project sought to determine whether the timing of a maternal alcohol-related diagnosis in relation to pregnancy differentially affected a child's school attendance patterns, with the aim of determining whether this relationship was driven by biological effects of alcohol exposure in utero. In order to investigate these relationships, we made use of routinely collected administrative education, health and child protection data. It was hypothesised that children whose mother had a diagnosis of an alcohol use disorder, which provided a proxy for heavy drinking, would be at greater risk of poor attendance than other children.

Methods {#s2}
=======

Cohort {#s2a}
------

This analysis made use of routinely collected Western Australian administrative linked data. All women who had a birth recorded on the Western Australian Midwives Notification System (MNS) between 1983 and 2007 were in-scope for the study (n=253 714 women; non-Indigenous: n=242 956 and Indigenous: n=10 758).[@R23] Cohort selection has been described previously.[@R24]

Mothers with an alcohol-related diagnosis, based on the International Classification of Diseases Revisions 9/10 (ICD 9/10), were considered to have an alcohol use disorder and constituted the exposed group. An alcohol-related diagnosis provided a proxy for heavy maternal alcohol use. Diagnoses were obtained from the following administrative data sets: Hospital Morbidity Data System, Mental Health Inpatients and Outpatients, and the Drug and Alcohol Office. Diagnoses recorded at any time prior to birth, during pregnancy or postnatally, during the follow-up period, were considered in-scope. Included diagnoses are included in online [supplementary material table 1](#SP1){ref-type="supplementary-material"}.
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###### Supplementary material 1

The comparison cohort included a random selection of mothers, identified on the Western Australian MNS, who had no records of an alcohol-related diagnosis. This cohort was frequency-matched to the cohort of exposed mothers based on maternal age within Indigenous status and year of child's birth. The ratio of exposed to comparison mothers was 1:3 and 1:2 for non-Indigenous and Indigenous mothers, respectively. It is important to note that, while maternal alcohol use disorder is a proxy for heavy alcohol use, mothers in the comparison group may have consumed alcohol during the same time period, and some of these mothers may have consumed alcohol at high and at-risk levels without receiving an alcohol-related diagnosis during a hospital or mental health service admission. The final population cohort included 85 205 births between 1983 and 2007.

Records were linked by the Western Australian Data Linkage Branch using probabilistic matching.[@R25] Ethics approval for the conduct of the study was granted by the Princess Margaret Hospital Human Research Ethics Committee (No 1244/EP), the WA Department of Health Human Research Ethics Committee (No 2011/34) and the Western Australia Aboriginal Health Ethics Committee (No 134-04/06).

Data treatment {#s2b}
--------------

### Alcohol exposure {#s2b1}

Both the presence of an alcohol use disorder and the timing of diagnosis relative to pregnancy were of interest. The presence of alcohol use disorder was treated as a binary variable (yes/no). The timing of exposure was categorised hierarchically and prioritised diagnoses during pregnancy. Categories included (1) any alcohol-related diagnosis during pregnancy. This may include women who also have a diagnosis before and/or after pregnancy. For women who did not have an alcohol diagnosis recorded during pregnancy, the categories included (2) a diagnosis within the year before pregnancy. As the coding was hierarchical, this group may include women with an additional exposure recorded more than 1 year before pregnancy or any exposure postpregnancy, and (3) a diagnosis up to 1 year after pregnancy. This may include women who had a recorded exposure for more than 1 year before or after pregnancy; and (4) more than 1 year before pregnancy, and this could include exposure greater than 1 year postpregnancy and (5) more than 1 year after pregnancy. This hierarchical coding and the treatment of women with multiple diagnoses throughout the study period is illustrated in online [supplementary material table 2](#SP1){ref-type="supplementary-material"}. This has previously been described.[@R24]

### School attendance {#s2b2}

Routinely collected attendance records were obtained from the Western Australian Department of Education. Records were available for the years 2008 through 2012 for children who attended public schools in Western Australia. Attendance data were linked to MNS records for 11 430 exposed children and 26 850 children in the comparison cohort. Of children with a birth recorded between 1991 and 2006 on the MNS, 16 829 (31%) were not linked to an attendance record. Children without a linked record include those who attended independent or catholic schools during this period and those who had left the Western Australian school system. The linkage rate closely matches the proportion of children attending government schools in Australia in 2012 (71%).[@R26]

Absence from school is classified by the Department of Education as either authorised, where the reason provided by the caregiver is considered adequate or legitimate by the principal, or unauthorised. Unauthorised absences refer to those where a student is absent without a reasonable explanation (eg, truancy). Attendance is recorded as the number of half days attended in the first semester of the school year.

Attendance was calculated as the number of half days in attendance as a percentage of the total number of possible half days within the first semester of the school year. In the case where children attended multiple schools, available days and absences were summed. Therefore, there was one attendance record per student per semester, and if children had a record for all in-scope years (2008--2012 inclusive), they would have a total of five attendance records.

It has previously been identified that attendance records are less consistent for years 11 and 12 due to exams and work placements.[@R1] Therefore, in an attempt to reduce reporting error, the analysis was restricted to records for children in year 10 (approximately 15 years of age) and below. In addition, records of less than 30% attendance were removed from the analysis. Removing records of less than 30% attendance was viewed as a conservative approach to estimating the impact of maternal alcohol use diagnosis on attendance outcomes, and completed with the aim of reducing the impact of children who have left the Western Australian school system or changed schools but continued to be marked absent. This has been identified to be a problem that disproportionately affects Indigenous young people who have very high levels of mobility, including across state borders, often due to cultural reasons.[@R6] Of the 917 children who were completely excluded from the analysis, based on an attendance rate of less than 30%, 81% were Indigenous and 45% had a mother with a maternal alcohol use diagnosis.

In the reported models, 68 173 non-Indigenous semester records and 39 815 Indigenous semester records were included. The average number of semesters of data per child was 3, with a maximum of 5 semesters of data per child (ie, 1 semester record per year for 2008--2012 inclusive).

The Department of Education provide the following categories for attendance: regular (90%--100% attendance), indicated (80%--89% attendance), moderate (60%--79% attendance) and severe (less than 60% attendance). For the purpose of this analysis, poor attendance was defined differently for non-Indigenous and Indigenous cohorts due to the vastly different attendance distributions in these cohorts. In non-Indigenous children, poor attendance equated to an attendance rate less than 80% (ie, severe or moderate attendance). This was approximately 10% of the final, non-Indigenous sample. In Indigenous students, the overall attendance rate was substantially lower. As a result, poor attendance was defined as less than 60% attendance (ie, severe attendance). This was approximately 18% of the final sample of Indigenous students. As absence from school impacts on a child's learning and academic outcomes, whether authorised or unauthorised, total absence represented the primary outcome.

### School information {#s2b3}

Available school information included school type (primary, secondary, combined), child's grade and school area. School area refers to the school's location and categorised based on the Standing Council on School Education and Early Childhood Schools Geographic Location Classification System. These categories include metropolitan, provincial (large urban areas outside of the metropolitan area such as Kalgoorlie Boulder or Geraldton), remote and very remote locations. Further, the number of schools attended within the semester and any history of school suspension was determined. Where multiple schools were attended within a single semester, school information was obtained from the school with most days attended.

### Mother's sociodemographic information {#s2b4}

Maternal demographic, mental health and drug use information was obtained from the MNS, Hospital Morbidity Data System (hospital inpatients) and Mental Health Inpatient and Outpatients data sets. Demographic information included in this analysis was predominately from the time of the child's birth, and included socioeconomic status, maternal age at child's birth, parity, Indigenous status, health service region (rural or metropolitan) and maternal marital status. In addition, record of any mental health problem or illicit drug use (ICD 9/10 codes), excluding those related to alcohol use, was available.

### Child variables {#s2b5}

In addition to school information, child gender, preterm status (\<37 weeks' gestation) and presence of fetal alcohol spectrum disorder and/or an intellectual disability were obtained from the MNS, Western Australian Register of Developmental Anomalies, and Intellectual Disability database, respectively.[@R23] Further, proportion of optimal birth weight was calculated by comparing observed with optimal birth weight. This measure, which provides an indication of fetal growth, takes into account sex, gestational age, maternal height and parity.[@R27] Low proportion of optimal birth weight was defined as below the 10th percentile. Finally, a record of contact with child protective services, which was defined as a substantiated maltreatment allegation or period of out-of-home care, was obtained from the Department of Child Protection and Family Support.

Statistical analysis {#s2c}
--------------------

All analysis was carried out using SAS V.9.3.

Comparisons between exposed and comparison cohorts were assessed for significance using Χ^2^ tests.

As attendance distributions were highly skewed, and with the aim of reducing the impact of children with very low attendance records who were not attending school, poor attendance was treated as a binary outcome (non-Indigenous: \<80% days attended, Indigenous: \<60% days attended).

Hierarchical generalised linear mixed models with a logit link were used to analyse the relationship between poor attendance and maternal alcohol use, and sociodemographic and school characteristics, with models nested at the child and family level. Possible maternal, child and school covariates were tested in a univariate model and those that were significant (α\<0.05) were tested for significance in multivariate models. The most parsimonious model was reported. Indigenous and non-Indigenous data were modelled separately to align with the aims of the study. All models included the frequency matching variables (ie, maternal age and baby year of birth).

In addition, generalised linear models were used to estimate the impact of maternal alcohol use on the number of days absent (total, authorised and unauthorised) within the exposed cohort. In order to estimate this, model parameters were used to score the data. This was completed twice, once with the data in its original form and once with alcohol exposure set to 0. The difference between the estimated number of days absent was calculated. The difference between these two estimates was used to calculate the percentage of total absences that could be attributed to maternal alcohol use exposure.

The population attributable risk fraction, which is the difference in the rate of non-attendance between the exposed and comparison cohorts, was calculated. The population attributable risk fraction was calculated by adjusting for the matching ratio and multiplying up to the Western Australian population.

### Sensitivity analysis {#s2c1}

The minimum threshold for attendance (ie, 30%) was not based on a predefined cut-point, and therefore in order to test the stability of results, we reran the final models using different minimum cut-offs for attendance. We examined two alternative models, one with a sample of children who attended a minimum of 20% of days during the semester, and a second model that included children who attended a minimum of 40% of available days during the semester. We assessed the change in the strength and direction of results compared with the final models.

Results {#s3}
=======

Within the non-Indigenous cohort, a higher proportion of mothers in the comparison cohort were married (84.2% vs 72.2%) and were in the highest 25% of socioeconomic status (15.2% vs 9.5%) at the time of the child's birth compared with those mothers in the exposed cohort. A substantially greater proportion of non-Indigenous mothers in the exposed cohort had a mental health diagnosis compared with comparison mothers (53.5% vs 11.0%) and/or a record of illicit drug use (40.7% vs 2.2%).

Within the Indigenous cohort, there was little difference between the socioeconomic status, health service region and maternal age at child's birth of exposed and comparison cohort mothers. A greater proportion of exposed mothers had a mental health record (32.4% vs 12.9%) or a record of illicit drug use (27.0% vs 6.0%) than the comparison cohort. While numbers were low, fetal alcohol spectrum disorder and intellectual disability were higher in the exposed group when compared with those whose mother did not have an alcohol use disorder diagnosis for both Indigenous and non-Indigenous cohorts ([table 1](#T1){ref-type="table"}).

###### 

Characteristics of mothers at the time of their child's birth, by Indigenous status and maternal alcohol use disorder exposure

                                         Non-Indigenous   Indigenous                                                         
  -------------------------------------- ---------------- ------------ ------ ------ --------- -------- ------ ------ ------ ---------
  Maternal age\*                                                                     \<0.001                                 0.021
   \<20                                  2364             14.3         854    12.4             2515     24.5   1004   22.1   
   20\<25                                5123             30.9         2054   29.8             3306     32.2   1475   32.5   
   25\<30                                4502             27.1         1950   28.3             2495     24.3   1129   24.8   
   30\<35                                3017             18.2         1354   19.7             1361     13.3   668    14.7   
   35\<40                                1320             8            576    8.4              535      5.2    246    5.4    
   40+                                   257              1.5          98     1.4              55       0.5    22     0.5    
  Marital status                                                                     \<0.001                                 \<0.001
   Married                               13 971           84.2         4969   72.2             6770     65.9   2782   61.2   
   Never married                         2447             14.8         1637   23.8             3215     31.3   1609   35.4   
   Separated/divorced/widowed            146              0.9          236    3.4              209      2      101    2.2    
   Missing                               19               0.1          44     0.6              73       0.7    52     1.1    
  Socioeconomic status                                                               \<0.001                                 \<0.001
   Highest \>10%                         780              4.7          192    2.8              34       0.3    5      0.1    
   10--\<25%                             1742             10.5         527    7.7              157      1.5    47     1      
   25--\<50%                             3432             20.7         1239   18               714      7      229    5      
   50--\<75%                             4313             26           1772   25.7             1784     17.4   638    14     
   75--\<90%                             3014             18.2         1426   20.7             2386     23.2   912    20.1   
   Lowest 10%                            1842             11.1         1170   17               3247     31.6   1452   32     
   Missing/unknown                       1460             8.8          560    8.1              1945     18.9   1261   27.8   
  Health service region                                                                                                      0.025
   Perth metropolitan area               11 773           71           4862   70.6   0.552     3628     35.3   1519   33.4   
   Rural/remote                          4810             29           2024   29.4             6639     64.7   3025   66.6   
  Any maternal mental health diagnosis                                               \<0.001                                 \<0.001
   No                                    14 761           89           3205   46.5             8947     87.1   3071   67.6   
   Yes                                   1822             11           3681   53.5             1320     12.9   1473   32.4   
  Any maternal illicit drugs record                                                  \<0.001                                 \<0.001
   No                                    16 224           97.8         4085   59.3             9554     93.1   3315   73     
   Yes                                   359              2.2          2801   40.7             613      6      1229   27     
  Fetal alcohol spectrum disorder                                                    0.007†                                  \<0.001
   No                                    16 583           100          6882   99.9             10 256   99.9   4487   98.8   
   Yes                                   0                0            4      0.1              11       0.1    57     1.3    
  Child intellectual disability                                                      \<0.001                                 \<0.001
   No                                    16 260           98.1         6695   97.2             10 007   97.5   4349   95.7   
   Yes                                   323              2            191    2.8              260      2.5    195    4.3    
   Total                                 16 583           100          6886   100              10 267   100    4544   100    

\*Frequency matching variable.

†Fisher's exact test.

When comparing the exposed and comparison children within Indigenous status, there were similar proportions of students in schools in metropolitan, provincial and remote schools ([table 2](#T2){ref-type="table"}). However, there were differences between Indigenous and non-Indigenous cohorts with a higher proportion of Indigenous students in remote and very remote locations compared with non-Indigenous students (44% vs 9%). A greater proportion of exposed than comparison children attended multiple schools and had a history of a school suspension. This was consistent between non-Indigenous (more than one school: 6.8% exposed vs 3.9% comparison; suspension: 10.8% vs 5.6%) and Indigenous cohorts (more than one school: 16.1% exposed vs 13.1% comparison; suspension: 20.7% vs 15.3%). It is important to note that the school-level data reported in [table 2](#T2){ref-type="table"} include multiple records per child.

###### 

School factors for all linked records, year 10 or below, by Indigenous status and maternal alcohol use disorder exposure

                                        Non-Indigenous   Indigenous                                                             
  ------------------------------------- ---------------- ------------ -------- ------ --------- -------- ------ -------- ------ ---------
  Number of years per child                                                           0.058                                     0.014
   1                                    2699             18.2         1083     17.6             1710     18.7   821      20.3   
   2                                    2570             17.3         979      15.9             1558     17.0   704      17.4   
   3                                    2418             16.3         1037     16.8             1447     15.8   658      16.3   
   4                                    2268             15.3         974      15.8             1452     15.8   660      16.3   
   5                                    4878             32.9         2090     33.9             2998     32.7   1205     29.8   
  School type                                                                         \<0.001                                   \<0.001
   Combined                             1797             3.7          961      4.7              3254     10.9   1475     11.5   
   Primary                              33 145           68.3         13 391   65.3             18 316   61.1   7839     60.9   
   Secondary                            12 466           25.7         5499     26.8             7000     23.4   2819     21.9   
   Other                                1147             2.4          647      3.2              1395     4.7    735      5.7    
  School area                                                                         \<0.001                                   \<0.001
   Metropolitan                         31 540           65.0         12 675   61.8             9978     33.3   3701     28.8   
   Provincial                           46               26.4         5892     28.8             7265     24.2   2916     22.7   
   Remote, very remote, school closed   4181             8.6          1913     9.3              12 722   42.5   6251     48.6   
  Number of schools attended                                                          \<0.001                                   \<0.001
   One school                           46 700           96.2         19 099   93.2             26 066   87     10 801   83.9   
   Two schools                          1771             3.7          1312     6.4              3461     11.6   1823     14.2   
   Three or more schools                84               0.2          87       0.4              438      1.5    244      1.9    
  Suspension record                                                                   \<0.001                                   \<0.001
   No                                   45 810           94.4         18 277   89.2             25 376   84.7   10 203   79.3   
   Yes                                  2745             5.6          2221     10.8             4589     15.3   2665     20.7   

Note: One semester record per child for each year attended within follow-up period.

Attendance profiles by Indigenous status and maternal alcohol use exposure {#s3a}
--------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} provides the distribution of students across attendance categories by Indigenous status and presence of a maternal alcohol use disorder. Within Indigenous status, those children exposed to a maternal alcohol use disorder were significantly more likely to be classified as being in the 'severe' attendance category when compared with those in the comparison cohort (non-Indigenous: 1.9% vs 4.8%, p\<0.001; Indigenous: 19.7% vs 30.5%, p\<0.001).

###### 

Attendance categories for all linked records year 10 and below, by Indigenous status and maternal alcohol use disorder exposure

                                    Non-Indigenous   Indigenous                                              
  --------------------------------- ---------------- ------------ -------- ------- -------- ------- -------- -------
  Regular (90%--100% attendance)    35 163           72.4         12 459   60.8    9769     32.6    3254     25.3
  Indicated (80%--89% attendance)   9295             19.1         4697     22.9    6915     23.1    2382     18.5
  Moderate (60%--79% attendance)    3199             6.6          2354     11.5    7366     24.6    3309     25.7
  Severe (\<60% attendance)         898              1.9          988      4.8     5915     19.7    3923     30.5
  Total                             48 555           100.0        20 498   100.0   29 965   100.0   12 868   100.0

Note: One semester per child per year of school attended within follow-up period.

Indigenous students had substantially worse attendance than non-Indigenous students (regular attendance: 30% vs 69%, p\<0.001). The median number of authorised absences was 4 days in both non-Indigenous (comparison: 4, Q1--Q3=1.3--8.0; exposed: 4.3, Q1--Q3=1.5--9.5) and Indigenous cohorts (comparison: 4.1, Q1--Q3=1.0--10.1; exposed: 3.7, Q1--Q3=1.0--10.1). The median number of days classified as unauthorised absences was substantially higher in the Indigenous cohort (comparison: 9.0 Q1--Q3=2.1--24.2; exposed: 14.7, Q1--Q3=4.0--35.9) compared with the non-Indigenous cohort (comparison: 0.0, Q1--Q3=0.0--2.6; exposed: 1.1, Q1--Q3=0.0--5.3). Again, these data are reported at the semester level, and as a result there are multiple records per child.

Predictors of poor attendance {#s3b}
-----------------------------

The unadjusted odds of poor attendance associated with maternal alcohol use disorder were higher in the non-Indigenous cohort (OR=2.11, 95% CI 1.98 to 2.26) than in the Indigenous cohort (OR=1.70, 95% CI 1.58 to 1.82). When maternal and child factors were accounted for, children whose mother had an alcohol use disorder were more likely to be classified as having poor attendance compared with other children (non-Indigenous: OR=1.61, 95% CI 1.50 to 1.74; Indigenous: OR=1.66, 95% CI 1.54 to 1.79). When the model was adjusted for maternal and child factors, the odds of poor attendance did not significantly differ with the timing of alcohol diagnosis relative to pregnancy in non-Indigenous and Indigenous cohorts. However, a diagnosis at any time point was associated with a significantly elevated odds of poor attendance.

A number of sociodemographic factors were significantly associated with poor school attendance ([tables 4 and 5](#T4 T5){ref-type="table"}). In the non-Indigenous cohort, there were increasing odds of poor attendance with increasing socioeconomic disadvantage. Mothers under the age of 20 at the time of the child's birth were at greater risk of having a child with poor attendance compared with those in the 20--25 years old age group (\<20 years: OR=1.47 95% CI 1.33 to 1.63). In contrast, having a mother over the age of 25 appeared protective. Higher parity was significantly associated with poor attendance outcomes (three or more siblings: OR=2.65, 95% CI 2.36 to 2.98), as was being unmarried at the time of the child's birth (never married: OR=1.38, 95% CI 1.27 to 1.50; separated, widowed or divorced: OR=1.53, 95% CI 1.25 to 1.88). A maternal mental health diagnosis (OR=1.20, 95% CI 1.11 to 1.30) or a record of contact with the child protection system (OR=1.12, 95% CI 1.00 to 1.24) were also associated with elevated risk.

###### 

Adjusted ORs for alcohol use disorder exposure and demographic factors significantly associated with \<80% attendance, non-Indigenous

                                                                             OR\*   95% CI
  ------------------------------------ ------------------------------------- ------ --------------
  Alcohol diagnosis                    No alcohol diagnosis                  Ref    
                                       During pregnancy                      1.45   1.11 to 1.88
                                       \>1 year postpregnancy                1.59   1.45 to 1.74
                                       \>1 year prepregnancy                 1.65   1.49 to 1.83
                                       Up to 1 year postpregnancy            1.39   1.06 to 1.81
                                       Up to 1 year prepregnancy             1.54   1.27 to 1.87
  Maternal age at child's birth        20--\<25 years                        Ref    
                                       \<20 years                            1.47   1.33 to 1.63
                                       25--\<30 years                        0.83   0.76 to 0.91
                                       30--\<35 years                        0.73   0.66 to 0.81
                                       35--\<40 years                        0.68   0.59 to 0.79
                                       40+ years                             0.80   0.60 to 1.05
  Marital status                       Married                               Ref    
                                       Never married                         1.38   1.27 to 1.50
                                       Separated, widowed, divorced          1.53   1.25 to 1.88
  Socioeconomic status                 Most advantaged \>10%                 Ref    
                                       Second group 10% to \<25%             1.21   0.94 to 1.57
                                       Third group 25% to \<50%              1.42   1.12 to 1.80
                                       Fourth group 50% to \<75%             1.57   1.24 to 1.99
                                       Fifth group 75% to \<90%              1.78   1.41 to 2.26
                                       Most disadvantaged bottom 10%         1.90   1.50 to 2.42
                                       Unknown                               1.37   1.06 to 1.77
  Parity                               0                                     Ref    
                                       1                                     1.29   1.19 to 1.41
                                       2                                     1.81   1.63 to 2.00
                                       3+                                    2.65   2.36 to 2.98
  Percentage of optimal birth weight   Greater or equal to 10th percentile   Ref    
                                       Less than 10th percentile             1.24   1.13 to 1.36
  Any maternal mental health record    No                                    Ref    
                                       Yes                                   1.20   1.11 to 1.30
  Child protection contact             No                                    Ref    
                                       Yes                                   1.12   1.00 to 1.24

\*Adjusted for all other variables and baby year of birth (matching variable).

###### 

Adjusted ORs for alcohol use disorder exposure and demographic factors significantly associated with \<60% attendance, Indigenous

                                                                     OR\*   95% CI
  ----------------------------------- ------------------------------ ------ --------------
  Alcohol diagnosis                   No alcohol diagnosis           Ref    
                                      During pregnancy               1.76   1.48 to 2.08
                                      \>1 years postpregnancy        1.70   1.54 to 1.87
                                      \>1 year prepregnancy          1.62   1.43 to 1.83
                                      Up to 1 year postpregnancy     1.42   1.12 to 1.78
                                      Up to 1 year prepregnancy      1.66   1.38 to 2.00
  Maternal age at child's birth       20--\<25 years                 Ref    
                                      \<20 years                     1.45   1.30 to 1.60
                                      25--\<30 years                 0.81   0.74 to 0.90
                                      30--\<35 years                 0.77   0.69 to 0.87
                                      35--\<40 years                 0.79   0.67 to 0.94
                                      40+ years                      1.03   0.65 to 1.61
  Marital status                      Married                        Ref    
                                      Never married                  1.16   1.07 to 1.25
                                      Separated, widowed, divorced   0.96   0.75 to 1.22
  Any maternal illicit drug record    No                             Ref    
                                      Yes                            0.85   0.76 to 0.95
  Any maternal mental health record   No                             Ref    
                                      Yes                            0.91   0.83 to 0.99
  Health region                       Metro                          Ref    
                                      Rural                          1.52   1.40 to 1.64
  Socioeconomic status                \>50% most advantaged          Ref    
                                      50% to \<75%                   1.09   0.93 to 1.28
                                      75% to \<90%                   1.25   1.07 to 1.45
                                      Most disadvantaged 10%         1.44   1.24 to 1.67
                                      Unknown                        1.95   1.68 to 2.27
  Parity                              0                              Ref    
                                      1                              1.17   1.05 to 1.30
                                      2                              1.25   1.11 to 1.41
                                      3+                             1.85   1.64 to 2.08

\*Adjusted for all other variables and baby year of birth (matching variable)

In the Indigenous cohort, maternal age at birth (\<20 years: OR=1.45, 95% CI 1.30 to 1.60), socioeconomic status (most disadvantaged 10%: OR=1.44, 95% CI 1.24 to 1.67) and parity (three or more siblings: OR=1.85, 95% CI 1.64 to 2.08) were associated with increased odds of poor attendance. In addition, Indigenous children born in rural health service regions were at greater odds of being classified as having poor attendance compared with Indigenous children born in metropolitan regions (rural: OR=1.52, 95% CI 1.40 to 1.64). A maternal mental health diagnosis or a record of illicit drug use appeared protective in this cohort (mental health diagnosis: OR=0.91, 95% CI 0.83 to 0.99; illicit drug record: OR=0.85, 95% CI 0.76 to 0.95).

There were a number of school factors that were significantly associated with poor attendance in both the non-Indigenous and Indigenous cohorts ([tables 6 and 7](#T6 T7){ref-type="table"}). Children in secondary school were at greater odds of poor attendance than children in primary school (non-Indigenous OR=1.36, 95% CI 1.19 to 1.56; Indigenous: OR=1.66, 95% CI 1.51 to 1.81). In addition, those attending a school in remote areas had a greater risk of poor attendance compared with other children in both non-Indigenous (remote/very remote: OR=1.25, 95% CI 1.12 to 1.40) and Indigenous cohorts (remote: OR=1.32, 95% CI 1.18 to 1.47; very remote: OR=1.62, 95% CI 1.45 to 1.80). A higher number of schools attended within the semester and a suspension record (non-Indigenous: OR=2.36 95% CI 2.19 to 2.54; Indigenous: OR=1.43 95% CI 1.33 to 1.52) were also positively associated with likelihood of poor attendance.

###### 

Adjusted ORs for alcohol use disorder exposure, demographic and school factors significantly associated with \<80% attendance, non-Indigenous mothers

                                                                      OR\*   95% CI
  ----------------------------------- ------------------------------- ------ --------------
  Alcohol diagnosis                   No alcohol diagnosis            Ref    
                                      During pregnancy                1.52   1.17 to 1.98
                                      \>1 years postpregnancy         1.55   1.41 to 1.70
                                      \>1 year prepregnancy           1.62   1.46 to 1.80
                                      Up to 1 year postpregnancy      1.36   1.04 to 1.78
                                      Up to 1 year prepregnancy       1.58   1.30 to 1.92
  Marital status                      Married                         Ref    
                                      Never married                   1.33   1.22 to 1.45
                                      Separated, widowed, divorced    1.52   1.24 to 1.88
  Socioeconomic status                Most advantaged\>10%            Ref    
                                      Second group 10% to \<25%       1.18   0.91 to 1.53
                                      Third group 25% to \<50%        1.36   1.07 to 1.72
                                      Fourth group 50% to \<75%       1.48   1.17 to 1.87
                                      Fifth group 75% to \<90%        1.68   1.32 to 2.13
                                      Most disadvantaged bottom 10%   1.79   1.41 to 2.28
                                      Unknown                         1.30   1.01 to 1.68
  Any maternal mental health record   No                              Ref    
                                      Yes                             1.20   1.11 to 1.30
  Maternal age at child's birth       20--\<25 years                  Ref    
                                      \<20 years                      1.42   1.29 to 1.58
                                      25--\<30 years                  0.87   0.79 to 0.95
                                      30--\<35 years                  0.78   0.70 to 0.86
                                      35--\<40 years                  0.76   0.66 to 0.88
                                      40+ years                       0.91   0.69 to 1.21
  Parity                              0                               Ref    
                                      1                               1.26   1.16 to 1.37
                                      2                               1.73   1.56 to 1.92
                                      3+                              2.47   2.19 to 2.78
  Number of schools                   One school                      Ref    
                                      Two schools                     2.41   2.20 to 2.64
                                      Three or more schools           3.48   2.49 to 4.87
  School type                         Primary                         Ref    
                                      Combined                        1.11   0.94 to 1.31
                                      Secondary                       1.36   1.19 to 1.56
                                      Other                           0.97   0.81 to 1.18
  School area                         Metropolitan                    Ref    
                                      Provincial                      0.99   0.92 to 1.07
                                      Remote, very remote, closed     1.25   1.12 to 1.40
  Year level                          1                               Ref    
                                      2                               0.82   0.73 to 0.92
                                      3                               0.81   0.71 to 0.92
                                      4                               0.80   0.70 to 0.92
                                      5                               0.84   0.72 to 0.97
                                      6                               0.88   0.75 to 1.03
                                      7                               1.01   0.86 to 1.20
                                      8                               1.45   1.18 to 1.78
                                      9                               2.54   2.06 to 3.14
                                      10                              3.75   3.02 to 4.66
  Ever suspended                      No                              Ref    
                                      Yes                             2.36   2.19 to 2.54

\*Adjusted for all other variables in the table and baby year of birth (matching variable).

###### 

Adjusted ORs for alcohol use disorder exposure, demographic and school factors significantly associated with \<60% attendance, Indigenous mothers

                                                                    OR\*   95% CI
  ---------------------------------- ------------------------------ ------ --------------
  Alcohol diagnosis                  No alcohol diagnosis           Ref    
                                     During pregnancy               1.63   1.38 to 1.94
                                     \>1 years postpregnancy        1.63   1.48 to 1.79
                                     \>1 year prepregnancy          1.63   1.44 to 1.84
                                     Up to 1 year postpregnancy     1.30   1.04 to 1.63
                                     Up to 1 year prepregnancy      1.61   1.33 to 1.94
  Maternal age at child's birth      20--\<25 years                 Ref    
                                     \<20 years                     1.37   1.24 to 1.51
                                     25--\<30 years                 0.83   0.75 to 0.91
                                     30--\<35 years                 0.78   0.69 to 0.88
                                     35--\<40 years                 0.79   0.67 to 0.93
                                     40+ years                      1.06   0.67 to 1.67
  Marital status                     Married                        Ref    
                                     Never married                  1.16   1.07 to 1.25
                                     Separated, widowed, divorced   0.96   0.76 to 1.22
  Socioeconomic status               \>50% most advantaged          Ref    
                                     50% to \<75%                   1.06   0.90 to 1.24
                                     75% to \<90%                   1.23   1.06 to 1.43
                                     Most disadvantaged 10%         1.36   1.17 to 1.58
                                     Unknown                        1.71   1.47 to 2.00
  Health region                      Metropolitan                   Ref    
                                     Rural                          1.25   1.14 to 1.37
  Parity                             0                              Ref    
                                     1                              1.18   1.06 to 1.31
                                     2                              1.26   1.12 to 1.42
                                     3+                             1.81   1.61 to 2.04
  Any maternal illicit drug record   No                             Ref    
                                     Yes                            0.90   0.80 to 1.00
  Child protection contact           No                             Ref    
                                     Yes                            0.89   0.81 to 0.98
  Number of schools                  One school                     Ref    
                                     Two schools                    2.25   2.11 to 2.41
                                     Three or more schools          3.30   2.81 to 3.86
  School type                        Primary                        Ref    
                                     Combined                       1.65   1.50 to 1.81
                                     Secondary                      1.66   1.51 to 1.81
                                     Other                          1.08   0.78 to 1.48
  School area                        Metropolitan                   Ref    
                                     Provincial                     0.84   0.76 to 0.93
                                     Remote                         1.32   1.18 to 1.47
                                     Very remote                    1.62   1.45 to 1.80
                                     School closed                  1.76   1.25 to 2.48
  Year level                         1                              Ref    
                                     2                              0.81   0.73 to 0.90
                                     3                              0.81   0.72 to 0.90
                                     4                              0.67   0.59 to 0.76
                                     5                              0.73   0.64 to 0.83
                                     6                              0.77   0.67 to 0.89
                                     7                              0.91   0.78 to 1.05
                                     8                              1.10   0.93 to 1.29
                                     9                              1.73   1.46 to 2.06
                                     10                             2.28   1.90 to 2.74
  Suspension record                  No                             Ref    
                                     Yes                            1.43   1.33 to 1.52

\*Adjusted for all other variables in the model and baby year of birth (matching variable).

Impact of maternal alcohol use on attendance rates {#s3c}
--------------------------------------------------

The population attributable fraction for poor attendance with any maternal alcohol diagnosis was estimated to be 1.3% (95% CI 1.2 to 1.5) in the non-Indigenous population and 6.0% (95% CI 5.0 to 6.7) in the Indigenous population. It is important to note that poor attendance was defined as less than 80% attendance for non-Indigenous students and less than 60% attendance for Indigenous students.

When the impact was estimated within the exposed cohort, maternal alcohol use disorder accounted for approximately 15% of the total days absent in both Indigenous and non-Indigenous children (16% and 14%, respectively). Further, maternal alcohol use accounted for 30% of the unauthorised absences in non-Indigenous children and 21% in Indigenous children. Maternal alcohol use disorder accounted for 9% and 2% of the authorised absences in exposed non-Indigenous and Indigenous children, respectively.

Sensitivity analysis {#s3d}
--------------------

Sensitivity analysis, which made use of alternative minimum attendance thresholds for inclusion in modelling, suggested that the final models were relatively stable. The average difference between the results of these models was less than 10%, and the use of different minimum attendance thresholds did not change the direction or interpretation of the final models.

Discussion {#s4}
==========

As hypothesised, children whose mother had received a diagnosis of an alcohol use disorder were significantly more likely to be classified as having poor attendance compared with children whose mother did not have a diagnosis. This finding was consistent in both Indigenous and non-Indigenous cohorts. While any diagnosis of an alcohol use disorder was associated with poor school attendance, in the final models there was little difference between the timing of diagnosis relative to pregnancy and the strength of association with attendance outcomes. Of note, this finding differs from the result of previously published results for other types of adverse outcomes that make use of this cohort and the hierarchical classification of timing of alcohol diagnosis. O'Leary and colleagues identified that there was a significantly increased risk of birth defects and intellectual disability in children whose mother received an alcohol-related diagnosis during pregnancy, compared with children whose mothers received a diagnosis at other time points.[@R23] However, the results of the current study suggest that the relationship between exposure and attendance may not be driven by the biological effects of in utero alcohol exposure alone. This relationship may be mediated through family, social and environmental factors during pregnancy and/or prepregnancy and postpregnancy, for which we were unable to adjust. While the data do not provide detailed information about the family or household circumstances prebirth or postbirth, previous research demonstrates that households with heavy parental alcohol use are at risk of instability, as well as concomitant risks such as abuse, poor family functioning, mental health problems and illicit substance use.[@R13] This is likely to be an environment in which school attendance is not prioritised. While results should be interpreted with caution, as an alcohol-related diagnosis does not capture all women who drink during pregnancy, these findings suggest that providing social support for vulnerable families may be effective in reducing child non-attendance.

In addition to maternal alcohol use, there were a number of sociodemographic factors that were associated with poor attendance. Indigenous children had substantially worse attendance than non-Indigenous students. This attendance gap is well recognised in the literature and exists in spite of targeted interventions that span a number of decades.[@R30] This significant gap has been attributed to several factors, including greater family mobility, social and cultural reasons for absence, the higher rate of emotional and behavioural problems in Aboriginal children, the intergenerational legacy of past practices of exclusion of Aboriginal children from schools, and its impact on shaping family and community values regarding the importance of attending school in Indigenous families compared with non-Indigenous families.[@R6] Additional socioeconomic and school factors differed slightly between the Indigenous and non-Indigenous cohorts. However, low maternal age at child's birth, high parity and greater school mobility were consistently found to be associated with poor attendance. Further, it was evident that there was a strong relationship between type of school and attendance, with children in secondary school at greater odds of poor attendance compared with children attending primary school. This in part may be due to children leaving school to attend workplace training, alternative education pathways or greater autonomy in older age groups leading to increased truancy. However, it suggests that interventions to support children throughout their school career are needed to encourage higher rates of attendance and student retention through to school completion. Of note, in the Indigenous cohort, a diagnosis of a maternal mental health disorder or maternal record of illicit drug use in the administrative data sets was protective of poor attendance in the Indigenous cohort. While we are unable to investigate this further due to the nature of administrative data, this may reflect greater service use, increased likelihood of intervention or increased support for families with a mother who has been identified to have a mental health or history of illicit drug use.

The population attributable fraction provides an estimate of reduction in the poor attendance that would occur if maternal alcohol use disorder was eliminated. This was estimated to be 1.3% in the non-Indigenous population and 6% in the Indigenous population. While the population attributable fraction was substantially higher in the Indigenous population compared with the non-Indigenous, this was due to the higher prevalence of maternal alcohol use disorder in Indigenous mothers within the community. Therefore, we also aimed to quantify the impact of maternal alcohol use disorder within the relatively small exposed population by estimating the percentage of days absent associated with maternal alcohol use disorder. We estimated the impact of maternal alcohol use disorder on total, unauthorised and authorised absences in the exposed populations. These results suggest that maternal alcohol use disorder predominantly impacts unauthorised absences, and the impact, when measured as the percentage of days absent, was greater in non-Indigenous children than in Indigenous children. While the greatest effect appeared to be on unauthorised absences, 8% of authorised absences in the non-Indigenous cohort could be attributed to maternal alcohol use disorder. Of note, while the population attributable fraction is higher in Indigenous cohorts, the impact is greater in non-Indigenous children. This finding supports the intervention programmes that target both parent and child school engagement to reduce child non-attendance.

Strengths and limitations {#s4a}
-------------------------

A key strength of the project is the use of administrative data, which avoids the use of self-reports of drinking behaviours, which may be biased due to retrospective recall and social desirability. Further, we can be confident that mothers who received an alcohol-related diagnosis were consuming alcohol at very high levels. However, we have no information about the level of dependency, periods of sobriety or ongoing maternal alcohol use following a diagnosis. Further, it is important to note that it is likely that there are a number of children who were exposed to significant amounts of maternal alcohol use (as evidenced by the presence of cases of fetal alcohol spectrum disorder in the comparison cohort), and the associated social and environmental effects, which were not identified in the data set. This dilution of the comparison group is likely to bias the findings towards the null. In addition, paternal factors, detailed maternal polydrug use, comorbidities, the family environment and additional unmeasured confounders not captured by administrative data sets cannot be included in the analysis. Therefore, it is difficult to ascertain all the underlying reasons for school non-attendance. Additional work is required to determine the reasons for non-attendance in families where there are maternal alcohol use problems in order to develop and target effective interventions.

Conclusions {#s5}
===========

The causes of non-attendance are complex. However, this study indicates that a child whose mother has an alcohol-related diagnosis is significantly more likely to have poor attendance problems than children whose mother does not have a diagnosis. The strength of the association of poor school attendance was similar at each of the diagnostic time periods. This differs from previous studies that use this cohort, where exposure in pregnancy had a significantly greater effect on other types of adverse child outcomes.[@R23] These findings may indicate that the relationship between school attendance and maternal alcohol use disorders is not primarily driven by the neurobehavioural effects of alcohol during pregnancy, but rather a complex family and social environment in which school attendance is not a priority or not well monitored. Ongoing prepregnancy counselling regarding the impact of alcohol use on the offspring, as well as ongoing education, treatment and support regarding problematic or risky drinking behaviours throughout pregnancy and parenthood, is imperative. In addition, further research regarding why women continue to consume significant amounts of alcohol in these time periods despite health recommendations, as well as more effective methods to target, educate and support these women, is needed. Finally, detailed and mandatory data collection regarding alcohol use during pregnancy would improve the ability to intervene during pregnancy or postpregnancy and improve the quality of research and understanding regarding alcohol use and child outcomes.
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